Aim. To delineate a possible correlation between clinical course and EEG abnormalities in non-infectious "smoldering" limbic encephalitis. Methods. Long-term clinical data, including video-EEG monitoring records, were analysed in two patients. Results. The two patients were positive for anti-voltage-gated potassium channel complex antibody and unspecified antineuronal antibody, respectively. The latter patient had small cell lung carcinoma. Both patients had memory impairment and clinical seizures. EEG showed frequent subclinical seizure patterns in the bilateral temporal regions. Subclinical seizure patterns and memory impairment persisted over one to two years after clinical seizure remission. Therapy (prednisolone and chemoradiation in the two patients, respectively) resulted in decreased occurrence of subclinical seizure patterns and memory improvement. Conclusions. EEG seizure patterns may persist years after clinical seizure remission in "smoldering" limbic encephalitis and lead to memory impairment.
Recent studies of non-infectious limbic encephalitis have reported a number of syndromes associated with various autoantibodies, such as anti-voltage-gated potassium channel (VGKC) complex antibodies (Vincent et al., 2004) . Although autoantibodies should be sought
Smoldering limbic encephalitis and seizure in non-infectious limbic encephalitis (Pruss et al., 2010) , the list of relevant biomarkers or antibodies is so far incomplete. Negative results do not exclude paraneoplastic or autoimmune disorders, and antineuronal antibodies without specific antigen characterisation are sometimes positive based on immunohistochemical analysis. This result would justify immunotherapy in individual patients, and further research on these cases may reveal new antigens in the future (Zuliani et al., 2012) . To our knowledge, despite many reports on immunemediated limbic encephalitis, chronological change of EEG abnormalities, along with anatomo-functional imaging findings over a period of years, related to a "smoldering" clinical course, even after clinical seizure remission, has not been described in detail in the literature. In the present study, we aimed to delineate a possible correlation in two welldocumented patients with non-infectious smoldering limbic encephalitis. We previously reported a case of limbic encephalitis associated with anti-VGKC complex antibodies, to which we referred to as "smoldering limbic encephalitis" (Nakaoku et al., 2013) . In the present study, we describe two patients with "smoldering limbic encephalitis" due to the presence of limbic encephalitis with persisting chronic symptoms, such as memory impairment and personality change, as well as other abnormalities such as EEG seizure patterns and/or residual increased glucose metabolism, persisting for more than a year, even after clinical seizure remission. We specifically chose the word "smoldering" due to the suggestion of residual active chronic inflammation based on increased glucose metabolism on 18F-fluorodeoxyglucose-positron emission tomography (FDG-PET) in at least one of the two patients, whereas epilepsy patients, in general, demonstrate glucose hypometabolism.
Materials and methods
We retrospectively analysed clinical data of two patients with immune-mediated limbic encephalitis, for whom long-term follow-up data with video-EEG records were available. Patient 1 was a 62-year-old man with non-infectious smoldering limbic encephalitis without autoimmune comorbidities, such as systemic lupus erythematoses. Patient 2 was a 60-year-old man with paraneoplastic limbic encephalitis. Revised Hasegawa's Dementia Scale (Imai and Hasegawa, 2005) was performed for Patient 1, and Mini-Mental State Examination (MMSE) for Patient 2. The Wechsler Adult Intelligence Scale-Revised (WAIS-R) and Wechsler Memory Scale-Revised (WMS-R) were also performed on three and two occasions for Patients 1 and 2, respectively. Laboratory examinations, including autoantibody tests, cerebrospinal fluid (CSF) analysis, magnetic resonance imaging (MRI), and FDG-PET, were performed. Video-and routine EEGs were recorded on multiple occasions over the clinical course of 32 months for Patient 1, and 58 months for Patient 2. Patient 1 was treated with prednisolone and Patient 2 with chemoradiation.
Results
Patient 1 was positive for anti-VGKC complex antibodies (in July 2009), but negative for anti-Hu, Yo and Ri antibodies. He had a generalised tonic-clonic seizure, followed by gradual memory impairment in November 2008. He was initially given carbamazepine (CBZ), at 200 mg/day, which was later substituted for valproate (VPA), at 1,200 mg/day, due to skin rash caused by CBZ. Although no seizure recurred, memory impairment worsened (VPA blood concentration: 59.0 g/mL). He also had a change in personality and became very irritable. In July 2009, although the WAIS-R showed preserved intelligence, the WMS-R showed moderate memory impairment (see figure 1 and table 1). The CSF analysis was normal: 0/mm 3 cells; 27.3 mg/dL protein; 57 mg/dL glucose; and an IgG index of 0.45 (reference value: 0.34-0.85). The bilateral mesial temporal lobes showed increased volume and high intensity signal abnormality on MRI fluid-attenuated inversion recovery (FLAIR) images, and increased glucose metabolism on FDG-PET. Video-EEG showed 52 subclinical EEG seizure patterns, independently in the left and right anterior temporal regions over two days, and interictal transient sharp waves in the right temporal region. After methylprednisolone pulse therapy (1 g/day for three days), memory and irritability gradually improved. Follow-up WAIS-R and WMS-R, 10 months later in May 2010, showed improved intelligence and memory. The hippocampi were atrophic on the right, and still hypertrophic on the left, on MRI. The bilateral mesial temporal lobes showed residual, though less prominent, high glucose metabolism on FDG-PET. Video-EEG showed bilateral independent subclinical EEG seizure patterns 10 times over two days, and interictal sharp waves in the left and right temporal regions, independently. After a second methyl-prednisolone pulse therapy, memory impairment remained stable and irritability improved. His irritability, as well as follow-up WAIS-R and WMS-R scores, remained stable in July 2011. The bilateral hippocampi were atrophic on MRI. The bilateral mesial temporal lobes showed residual high glucose metabolism on FDG-PET, although this had further improved. A third methyl-prednisolone pulse therapy was given and his memory impairment and irritability have remained stable to date. Patient 2 was negative for anti-VGKC complex, Hu, Yo, Ri, CV2, Tr, Ma2, and amphiphysin antibodies, but positive for an unspecified antineuronal antibody (immunohistochemical staining using the patient's serum with biotin-labelled antihuman IgG and avidinbiotin complex [Tanaka et al., 1994] gave rise to a diffuse staining pattern associated with the neuropil, rather suggestive of a cell surface antibody). His memory gradually declined from 2004, followed by the development of complex partial and generalised tonicclonic seizures in 2005. During the initial work-up in January 2006, he stared with a blank look and hardly spoke. MMSE score was 3/30. He continued to have impaired orientation and abnormal behaviour even after he was able to have a conversation. MRI was normal. EEG showed background slowing (6-7 Hz) without paroxysmal discharges (see figure 1 and table 2) . It was therefore assumed that he most likely had diffuse encephalopathy at that time. He continued to have seizures, simple partial and secondary generalised tonic-clonic, with VPA treatment at 400 mg/day. The CSF analysis was normal: 3/mm 3 cells; 37 mg/dL protein; 59 mg/dL glucose; and an IgG index of 0.58. Seizure control improved with phenytoin (PHT) at 150 mg/day and CBZ at 900 mg/day, and his MMSE score improved to 29/30. His memory impairment recurred in October 2006. The left hippocampus showed increased volume and high intensity signal abnormality on MRI (FLAIR). The bilateral mesial temporal lobes showed increased glucose metabolism on FDG-PET, as well as in the mediastinum and subcarinal lymph nodes. Videoand routine EEGs showed three to four subclinical seizure patterns per hour in the left and right temporal regions, independently, and interictal intermittent rhythmic delta activities in the left temporal region. Following a diagnosis of small cell lung carcinoma (SCLC), he underwent chemoradiation therapy (cisplatin+etoposide/60 Gy, followed by car-boplatin+irinotecan, and then amrubicin). Seizures remitted after the addition of clobazam (CLB) at 2.5 mg/day (blood concentration: 14.9 g/mL PHT; 6.1 g/mL CBZ; 13 ng/mL CLB; 345 ng/mL desmethyl-CLB), and his memory improved and stabilised. Follow-up MRI showed increased volume and high intensity signal abnormality also in the right hippocampus (February 2007), followed by bilateral hippocampal atrophy (June 2009). EEG seizure patterns decreased to 1/30 minutes. (refer to figure 1 His clinical course was complicated with radiation pneumonitis due to radiotherapy for SCLC. Prednisolone at 30 mg/day was started in July 2007, which was subsequently tapered off. Cancer recurred with hepatic metastasis in April 2008, without further memory deterioration. He died in August 2009.
Discussion
Autoimmune pathophysiology such as limbic encephalitis has been recently described in relation to both acute (Buckley et al., 2001; Vincent et al., 2004; Dalmau et al., 2007; Quek et al., 2012) and chronic epileptogenicity (Brenner et al., 2013) . Autoantibodies such as anti-VGKC complex antibodies and anti-N-methyl D-aspartate (NMDA) receptor antibodies have been reported to be related to seizures mostly with an acute clinical course. The two patients manifested a clinically "smoldering" course with EEG seizure patterns persisting for one to two years even after clinical seizure remission. This phenomenon has not been well documented in the literature, at least for immune-mediated limbic encephalitis.
In the present study, Patients 1 and 2 were positive for anti-VGKC complex antibody and for an unspecified antineuronal antibody, respectively. Their clinical courses correlated with imaging abnormality in the bilateral mesial temporal lobes. Memory impairment was predominant, while clinical seizures were infrequent, despite very frequent EEG seizure patterns.
Even after clinical seizure remission, EEG seizure patterns persisted for one to two years, and thus might have contributed to memory impairment, at least partly, in addition to limbic encephalitis itself.
Video-EEG has been reported to be useful in the early diagnosis of acute anti-NMDA receptor encephalitis, as confirmation of NMDA receptor antibodies takes several weeks (Dericioglu et al., 2013; Di Capua et al., 2013; Tan et al., 2013) . The present study suggests that video-EEG, even over only one to two days, could also be a clinically useful means to evaluate and follow up a "smoldering" clinical state, and possibly limbic encephalitis itself. Video-EEG could therefore be considered when chronic symptoms, such as memory impairment and personality change, persist even after clinical seizure remission, and the results of laboratory examinations other than video-EEG do not provide a clear explanation for the persistent symptoms.
With regards to immunotherapy for the treatment of epilepsy, in general, plasmapheresis and steroid therapy for Rasmussen encephalitis have been well established, although the immunological basis of the treatment remains to be determined. With regards to immunotherapy for the treatment of epilepsy patients with positive autoantibodies, the response rate to immunotherapy in patients with exclusive or predominant seizure presentation, in whom an autoimmune aetiology was suspected (with a median history of seizure activity of five months [range: 3 weeks to 12 years]), was reported to be 81%, and 67% patients were seizure-free (Quek et al., 2012) . In NMDA receptor encephalitis, second-line immunotherapy (rituximab, cyclophosphamide) has been reported to be effective when first-line therapies (steroids, intravenous immunoglobulin, plasmapheresis) fail (with a time between symptom onset and initiation of immunotherapy of 18 days according to Ikeguchi et al. [2012] , and 21 days in children and 28 days in adults according to Titulaer et al., [2013] ). In the present study, prednisolone in Patient 1 and chemoradiation in Patient 2 resulted in decreased frequency of EEG seizure patterns and memory improvement. Improvement in Patient 2 may have also reflected a favourable effect of oral prednisolone therapy given for radiation pneumonitis.
As a limitation of the present study, the immunological testing was incomplete; although different kinds of autoantibodies were tested, it remains possible that our patients were positive for other untested autoantibodies.
In conclusion, for a chronic course persisting to a milder degree, i.e. "smoldering", non-infectious limbic encephalitis should be considered as a possible diagnosis when bilateral independent interictal epileptiform discharges and EEG seizure patterns are observed in elderly patients. These patients need appropriate diagnosis and treatment in terms of autoimmunity.
